IFD is caused by mutations in the gene GIF [3] . Patients with IFD present with pancytopenia and megaloblastic anemia and unlike IGS, cobalamin malabsorption is corrected by intrinsic factor administration [3, 4] . In 2004, a specific GIF mutation was first identified as a cause of severe anemia and cobalamin deficiency in an 11 year old girl [3] . We describe a 2 year old male who presented with megaloblastic anemia and methylmalonic acidemia, leading to a diagnosis of congenital gastric intrinsic factor deficiency through genetic testing. Few cases have been described with our patient's specific GIF heterozygous mutation c.79+1G>A and no cases with the novel variant c.960C>A [1, 4] . His presentation with markedly elevated methylmalonic acid initial suspicion of myelodysplastic syndrome is unique.
Case Presentation
A 2 year old Caucasian male presented with daily persistent emesis, pallor, and perioral cyanosis. Past medical history was significant for two prior episodes of pneumonia and wheezing. His medications included inhaled beclomethasone dipropionate. His diet included meats, dairy, fruits and vegetables and the family lived in a home built in 2004; to their knowledge the family had no lead exposure. On physical examination, the patient appeared well developed with weight, height and head circumference in the 10 th -25 th percentiles. He was pale and had a 2/6 systolic ejection murmur but the exam was otherwise unremarkable.
Initial evaluation revealed severe megaloblastic anemia. He was referred and had an extensive work-up by hematology including a bone marrow biopsy, which led to the initial suspicion for myelodysplastic syndrome; cytogenetic testing was negative. Further laboratory work-up revealed markedly elevated methylmalonic acid prompting a referral to metabolic genetics. Homocysteine and methylmalonic acid levels were increased while vitamin B12 levels were decreased ( Table 1 ).
The patient was started on weekly 1mg cobalamin injections. His hemoglobin, methylmalonic acid, homocysteine, and cobalamin levels normalized over two months. He was given a trial off of the injections and his vitamin B12 levels started to decline; cobalamin injections were resumed.
Genetic testing of a megaloblastic anemia panel for genes CUBN, AMN, and GIF were sent to Centogene AG in Germany; the patient was found to have a GIF heterozygous mutation c.79+1G>A and a heterozygous variant c.960C>A (p. N320 K). The GIF heterozygous mutation in intron 1 (c.79+1G>A) was reported as disease-causing as it disrupts the highly conserved donor splice site therefore predicted to highly likely have an aberrant impact on the splicing process. The heterozygous variant c.960C>A (p. N320 K) is located in a moderately conserved nucleotide and amino acid position with moderate physiochemical differences between the amino acids lysine and asparagine. Software analysis by SIFT predicted that the variant was benign whereas Polyphen 2 indicated the variant was probably damaging. Since it was unclear if the variant was pathogenic or non-pathogenic, the parents and sibling were tested. The heterozygous mutation was found in the father and the heterozygous variant mutation was found in the mother. Centogene AG predicted his genetic testing was consistent with a diagnosis of intrinsic factor deficiency due to the presence of two changes in the GIF gene. A CUBN, heterozygous variant in exon 19 c. 2594 G>A (p.S865N) was also found but predicted to be a neutral polymorphism. No pathogenic mutation of AMN was found.
Congenital intrinsic factor deficiency has been reported as a rare cause of megaloblastic anemia [1, 3] . The genetic testing of the CUBN, GIF, and AMN genes was solely available through a genetic laboratory in Germany. The GIF mutation (c.79+1G>A) has been described as a loss of function mutation, first identified in a French family clinically diagnosed with IGS; genetic testing revealed that the family had IFD [1] . In the French family, the patients were diagnosed at 1.5 and 6 years of age with proteinuria, decreased cobalamin levels, and megaloblastic anemia. The GIF splice site mutation (c.79+1G>A) was also found in a 15 year old boy with megaloblastic anemia with pancytopenia, slight proteinuria and slightly elevated methylmalonate [4] . 
Discussion
The patients with this GIF mutation presented with megaloblastic anemia, similarly to our patient. While one of these patients (the 15 year old boy previously mentioned) had slightly elevated methylmalonic acid, the methylmalonic acid level in our patient was 80 times higher than the upper limit of normal leading to a suspicion for isolated methylmalonic acidemia. Isolated methylmalonic acidemia or aciduria may develop due to a deficiency of the methylmalonyl-CoA mutase or methylmalonyl-CoA epimerase caused by mutations in genes MUT, MMAA, MMAB, MCEE, and MMADHC [5] . These mutations result in a range of clinical manifestations from a severe neonatal presentation to an intermediate adult presentation [5] . This was considered in our patient until his laboratory results revealed elevated homocysteine levels and indicated vitamin B12 deficiency as a cause of his megaloblastic anemia, thrombocytopenia, and methylmalonic acidemia. Increased methylmalonic acid and homocysteine levels are expected and highly sensitive indicators of vitamin B12 deficiency [6] . Journal of Case Reports and Studies
Conclusion
The initial working diagnosis for our patient was myelodysplastic syndrome due to his megaloblastic anemia and the appearance of his bone marrow. This presentation of Congenital IFD is unique and has not been previously reported. Preliminary diagnoses of leukemia or myelodysplastic syndrome have been reported in Transcobalamin (TC) deficiency which is a rare autosomal recessive disorder in which infants present with failure to thrive, diarrhea, pallor, and pancytopenia [7] . The defect in TC deficiency interferes with endocytosis of cobalamin by cells and leads to megaloblastic anemia and elevated total plasma homocysteine and methylmalonic acid levels [7] . The similarity in presentation of our patient and those described with TC deficiency support that our patient's laboratory and bone marrow findings leading to an initial diagnosis of myelodysplastic syndrome were indeed the result of his congenital IFD and subsequent cobalamin deficiency.
In children presenting with macrocytic anemia, the differential diagnosis includes myelodysplastic syndrome and bone marrow failure, yet cobalamin and folate deficiency should be considered even in the absence of an obvious explanation. In any child presenting with a possible vitamin B12 deficiency, the vitamin B12, methylmalonic acid and homocysteine levels should be measured [8] .
Vitamin B12 deficiency is an important differential diagnosis in children with megaloblastic anemia and methylmalonic acidemia. Measurement of vitamin B12, methylmalonic acid and homocysteine levels is essential in these children. Genetic testing for congenital intrinsic factor deficiency, specifically for the CUBN, GIF, and AMN genes, should be considered in pediatric patients without a clear etiology of vitamin B12 deficiency or in patients dependent on supplemental cobalamin injections.
